.
Wyodak-Anderson coal quality and geochemistry in the Powder River Basin Table 2 .
Stratigraphic column showing nomenclature used for the correlation of the WyodakAnderson coal zone Table 3 .
StratiFact data output Table 4 .
Internal matrix showing the interpretation of data using the parting/split program Table 5 .
Example of data output from the parting/split program for one data point Table 6 .
Numeric key to 7.5-minute quadrangle maps in the study area Table 7 .
Alphabetic key to 7.5-minute quadrangle maps in the study area Table 8 .
Example of information output from the EarthVision volumetric s report Table 9 .
Wyodak-Anderson coal resources reported by state and county Table 10 .
Wyodak-Anderson coal resources reported by Federal coal and surface ownership categories Table 11 .
Wyodak-Anderson coal resources reported by state and 7.5-minute quadrangle map area Table 12 .
Wyodak-Anderson coal resources reported by state, county, overburden, net coal thickness, and reliability categories Table 13 .
Data used for computation of confidence intervals within reliability categories for the Wyodak-Anderson coal zone. Table 14 .
Estimates of uncertainty for the Wyodak-Anderson coal with and without measurement error. The Powder River Basin is an asymmetrical structural basin with an axis that trends northwest to southeast along the far western part of the basin. Along the western margin of the basin Fort Union rocks dip an average 20-25° to the east, and along the eastern margin of the basin the rocks have an average dip of 2-5° to the west The Powder River Basin covers more than 12,000 square miles and the Fort Union Formation is more than 6,000 ft thick in the deepest part (axis) of the basin.
Northern Rocky Mountains and Great Plains Region
The basin is bounded to the west by the Bighorn Uplift, to the southwest and south by the Casper Arch, Laramie Mountains, and Hartville Uplift, and to the east by the Black Hills Uplift. The Miles City Arch and the Cedar Creek Anticline to the north essentially separate the Powder River Basin from the Williston Basin.
DEPOSITIONAL ENVIRONMENTS OF WYODAK-ANDERSON COALS
The Powder River Basin evolved from an open to a partially enclosed structural basin from early to late Paleocene time (Flores, 1986) . The basin drained to the northeast through interconnected flow-through fluvial pathways. Early through late Paleocene coal in the Powder River Basin is in the Fort Union Formation and developed in raised mires. Major coal accumulation took place during the late Paleocene. In the late Paleocene, paleoenvironments included converging and diverging drainage patterns, and mire development. The drainage patterns were changed by the influence of meandering, anastomosed and braided streams, and associated floodplain environments. There were extensive accumulations of peat in the late Paleocene (figure 4). These accumulations occurred in peat swamps adjacent to fluvial drainages, and formed the Wyodak-Anderson coals.
The Wyodak-Anderson coal zone contains net coal (total thickness of all coals greater than 2.5 ft thick) that is more than 200 ft thick. The entire zone is more than 600 ft thick (measured from the top of the uppermost coal to the base of the lowermost coal). It consists of as many as six coal beds. The coal beds average 25 ft in thickness, and are separated by clastic sedimentary rocks ranging from a few feet to 150 ft in thickness. The Wyodak-Anderson coal beds merge into a single coal bed as much as 202 ft thick in the west-central part of the basin and as much as 120 ft thick in the eastern part of the basin.
The vertical and lateral stratigraphic variations of the coals in the Powder River are caused by autocyclic depositional processes represented by fluvial channel sandstones and associated flood plain deposits formed adjacent to peat swamps. The coal beds merge, split and pinch out over short distances.
Most of the coals formed as thick, discontinuous pod-like coal beds that were split continually by converging and diverging fluvial channels. The west-east trending cross-section in figure POWDER RIVER BASIN AREA 5 shows the merging, splitting, and pinching-out of many of the Wyodak-Anderson coal beds. The figure also shows increased thickness of detrital deposits to the west and the cutting of the coal beds by fluvial channel sands. This cross-section is located 13 miles north of Gillette, Wyoming. Depositional setting controls the thickness and lateral continuity of the Wyodak-Anderson coals. The depositional environments of the Fort Union Formation rocks (Flores, 1986) were mainly fluvial systems consisting of braided, meandering, and anastomosing streams in the basin center and alluvial fans along the western basin margin. Coals accumulated in peat mires or swamps formed as topogenous (low-lying) and raised (domed) bogs in fluvial floodplains, abandoned fluvial channels, and interchannel environments. Thick coals accumulated in raised bogs, well above drainage level, that were sustained by high rainfall in tropical to subtropical (mean annual temperature of 20° C; annual precipitation rate of more than 90.55 in.) climate conditions (Nichols and others, 1989) .
WYODAK-ANDERSON COAL QUALITY
Powder River Basin coals are generally considered to be clean and compliant. Arithmetic mean values of the Wyodak-Anderson coal analyses indicate that the coal contains low percentages of ash and total sulfur and is compliant with EPA standards for pounds of SC>2 per million BTUs. According to Wood and others (1983) the standard for low ash content is from 0-8 percent, and low total sulfur content is from 0-1 percent (on an as-received basis). The current EPA emissions standard, for Phase I compliance is SC>2 less than or equal to 2.4 pounds per million BTUs. After the year 2000, the EPA standard for Phase II requires that SQ; emissions from electrical generation facilities not exceed 1.2 pounds per million BTUs.
The Wyodak-Anderson coal beds in the Powder River Basin contain less sulfur and ash than coals produced from other Regions in the conterminous United States. As part of our resource study, we studied coal quality in the Wyodak-Anderson coal zone using weighted averages, based on the thickness of the coal samples used for the analyses, for each of the coal quality parameters at each data point location. The means of these weighted averages are total sulfur content of 0.47 percent and ash content of 6.4 percent (n=300) (table 1). The range of total sulfur content of the Wyodak-Anderson coal beds is from 0.06 to 2.4 percent and the range of ash content is from 2.9 to 25 percent. Sulfur occurs in the form of organic and pyritic sulfur, and sulfate. Sulfur content varies from 0.06 to 1.2 percent for organic sulfur, from 0.01 to 0.77 percent for pyritic sulfur and from 0.01 to 0.39 percent for sulfate. The pyritic sulfur and sulfate forms are contained in minerals (e.g., pyrite, marcasite, and anhydrite) within cleats or as discrete particles in the coal. The organic form of sulfur is part of the organic structure of the coal macerals.
Pounds of SO2 per million BTU for the Wyodak-Anderson coals range from 0.14 to 7.9 with a mean of 1.2. By comparison, according to the 1998 CoalDat database (Resource Data International, Inc., 1998) Table 1 . Wyodak-Anderson coal quality and geochemistry in the Powder River Basin. Statistics were run on our coal quality/geochemistry data set using weighted average values (weighted on bed thickness where several sample analyses were available at a given location). Analyses are on an as-received basis (*= weight percent, lbSO2/mmBTU = pounds SC>2 per million BTU, and MmmfBTU = moist, mineralmatter free BTU/lb). 
PREVIOUS STUDIES OF COAL RESOURCES IN THE POWDER RIVER BASIN
There have been a number of publications that included coal assessment and coal resource calculations for coals in the Powder River Basin, Wyoming and Montana. Several of the publications consisted of general geologic studies of the basin area that included either coal resource tonnages in tables, or showed the distribution of coal resources by state, basin, or strippable coal status. These publications include Averitt (1975) , Berryhill and others (1950) , others (1949, 1978) , and Smith and others (1972) .
A number of publications report coal resources for all coals in the Powder River Basin. Gary Glass (1997) sites several sources for coal resource calculations. He reports that the remaining identified resources in the Powder River Basin are 110 billion short tons (modified from Berryhill, and others, 1950) with identified resources that include coal that is >2.5 ft in thickness and under less than 3000 ft of overburden. To further refine this number, he reports a reserve base of 45.5 billion short tons of coal in the Powder River Basin, Wyoming. Of this total, 22.6 billion were deemed to be recoverable through underground mining, and 22.9 billion short tons were considered surface minable. In this report the reserve base for all coal in Wyoming is reported at 55.9 billion short tons. Richard Jones and Gary Glass (1991) reported demonstrated reserves of strippable coal in the Powder River Basin in Wyoming as 23.7 billion short tons. In a more detailed study, Smith and others (1966) (Glass, 1996) reported 17.5 billion short tons of strippable Wyodak coal in the Wyoming portion of the Powder River Basin.
Additional detailed studies of coal resources in the area of the Powder River Basin include a series of 243 7.5-minute quadrangle map studies of coal resources for non-leased Federal coal. These reports were produced as part of a CRO/CDP (Coal Resource Occurrence/Coal Development Potential) project by the U.S. Geological Survey. This series of maps, authored by many different workers, is referenced and synopsized in Trent (1986) and in Roberts (1998) . Other more specific studies include those by Ayers (1986) , Barnum (1975) , Culbertson and others (1978) , Glenn (1979) , Mapel (1959) , and Molnia and others (1997) . These publications are valuable sources of information on coal resources in the Powder River Basin. They report coal resource calculations for areas that range from a single 7.5-minute quadrangle to portions of 24 7.5-minute quadrangles.
In this study, we have drawn information from both published and unpublished sources to provide information on the coal resources for all of the coal beds in they Wyodak-Anderson coal zone throughout the Powder River Basin study area. The study provides an overview of this assessment unit and a consistently correlated data set for the basin area that is available for future investigations.
NATIONAL COAL RESOURCE ASSESSMENT UNITS
In each of the Tertiary basins studied for the National Coal Resource Assessment (NCRA) in our region, there are from 1 to 3 study areas containing coals that were studied as assessment units. Assessment units consist either as distinct individual beds, or as related coal beds that have been combined and studied as coal zones. The assessment units for the Northern Rocky Mountains and Great Plains Region are shown in figure 6. This figure shows the relative age of the coals (the time of peat accumulation) with age correlation based on palynological biozone analyses by Doug Nichols of the U.S. Geological Survey others, 1998 and Flores and others, 1996) .
The major assessment unit for our study of the coals in the Powder River Basin is the Late Paleocene Wyodak-Anderson coal and stratigraphically equivalent coal beds. This unit is referred to as the Wyodak-Anderson coal zone. Due to the vertical and lateral stratigraphic variations of coal beds within the Wyodak-Anderson coals it was determined that the assessment of individual beds was impractical. Coal beds included in the zone are (from north to south) the Anderson, Dietz, Canyon, Smith, Swartz, Werner, Wyodak, Sussex, School, and Badger. The coals being assessed consisted of from 1 to 6 beds at each data point location. The data set that we compiled consists of approximately 6,200 data points.
In addition to the regional study of Wyodak-Anderson coals in the Powder River Basin, local studies of the Wyodak-Anderson coals in the Sheridan and Gillette coal fields in Wyoming are also being conducted by the authors. National Coal Resource Assessment studies in the Montana part of the Powder River Basin are being conducted by Steven B. Roberts. These studies include the AndersonCanyon coal in the Decker coal field, which is included in the Wyodak-Anderson coal zone; the Rosebud-Robinson coal in the Colstrip coal field; and the Knobloch coal in the Ashland coal field.
METHODOLOGY Overview
The general procedure for our study consisted of a number of crucial steps. The first step was to define the coal unit to be assessed and determine the lateral extent of the coal. Next we established coal resource reporting categories so that we knew what data was essential to be included in our data sets. We then compiled and correlated the lithologic data for the rock and the coal beds in our coal zone. The correlated data was edited and downloaded from our relational database. This data was modified to produce an ASCII file for use in creating coal thickness and overburden grids, and isopach maps. Maps of coal thickness and overburden were then combined with other layers of spatial data containing information needed for creating coal resource reports. The digital file (polygon union coverage) containing all of the necessary information was used in conjunction with the coal thickness grid information to calculate the tonnage of coal resources in each polygon. The information from the volumetrics report was combined with the attributes from the union coverage and resource tables were created for different reporting parameters.
Resource Reporting Categories
Standardized reporting criteria were mandated for the National Coal Resource Assessment. Mandatory and optional reporting categories have been established in U.S. Geological Survey Circular 891 (Wood and others, 1983) . The following reporting categories are mandatory for reporting coal resources for surface minable lignite and subbituminous coal: 1. Overburden thickness of 0-100 ft, 100-200 ft, 200-500 ft, and >500 ft; 2. Net coal thickness of 2.5-5 ft, 5-10 ft, 10-20 ft, 20-40 ft, and >40 ft; 3. Reliability categories (areas based on distance from a data point) of measured (0-1/4 mi), indicated
(1/4-3/4 mi), inferred (3/4-3 mi), and hypothetical (>3 mi). Additional coal resource reporting categories used in this study are state, county, 7.5-minute quadrangle map, and Federal coal and surface ownership.
Defining the Assessment Unit and Correlating Stratigraphy
The Wyodak-Anderson assessment unit is a coal zone. Beds included in the zone (from north to south) are the Anderson, Dietz, Canyon, Smith, Schwartz, Werner, Wyodak, Sussex, School, and Badger (table 2) The coal zone extends from the top of the uppermost coal bed to the base of the lowermost coal bed. The total thickness of the coal zone includes the rock within the interval. The net coal thickness in the zone is the sum of all of the coal beds greater than or equal to 2.5 ft thick.
For consistency of stratigraphic correlations, a stratigraphic column was prepared establishing nomenclature for the coal zone and for the rocks above and below the zone. The standardized stratigraphic column was used for editing and labeling spreadsheet data, and for establishing the organization of stratigraphic units in our relational database. Information from the standardized stratigraphic column was entered in the relational database and used to define primary zones and subzones. 
Compiling and Correlating the Data
The study began with the compilation of all Stratigraphic and geochemical data for the assessment unit. Sources of the data included federal and state agencies (e.g., U.S. Geological Survey, Bureau of Land Management, Office of Surface Mining, State geological surveys, and State Departments of Environmental Quality), industry (mining companies), and private (individual geologists) sources. Much of the industry and private data are proprietary and will not be released to the public. Some of the data acquired existed on computer files in spreadsheet format, however, much of the data had to be hand entered from paper copy onto spreadsheets using commercially available computer software.
Information on the spreadsheets was checked, edited, and supplemented to conform to standardized column names and data entries. As the data sets from various sources were completed, the files were loaded into our relational database (StratiFact (GRG Corp., 1996) ). In the relational database, standardized Stratigraphic nomenclature was used to define the top and base of the coal zone, and the units above and below the zone at each data point throughout the study area. Standardized lithologic nomenclature was also established and applied to the rock and coal units in the data set. The final Powder River Basin data set contains 6,216 data points, of these 3,013 points are from oil and gas exploratory drilling, 3,178 are from coal exploratory drilling, and 25 points are measured sections. The Wyodak-Anderson data set contains 5,169 data point locations that contain Wyodak-Anderson coal, 897 of which contain confidential information.
When the data set was in its final form we downloaded selected information from StratiFact in ASCII format. The data dump consisted of one line of data for each coal unit within the coal zone.
There were therefore, multiple entries at each data point location. Data included; point ID, sequence number, drill hole depth, surface elevation, depth to the top of the uppermost coal, depth to the base of the lowermost coal, elevation of the top of the coal, elevation of the base of the coal, coal thickness, decimal latitude, and decimal longitude. The downloaded information also included two rows of information that synopsize the information for just the coal in the zone (ZY) and for all of coal zone (ZZ). An example of the data included in the ASCII file for one data point location is shown in table 3. Table 3 . StratiFact data output. The table shows sample StratiFact output for one location, WT108, from the Powder River Basin, Wyoming. The entry for the ZY sequence number represents the coal data only, and the entry for the ZZ sequence number represents the data for the entire coal zone. 
Preparing Data for Computer Modeling
The StratiFact data dump is used as input for a parting/split computer program, which modifies the data so that it consists of one line of data for each data point location. The program determines whether a rock unit between two coal units is a parting in a coal bed or if the rock unit splits two separate coal beds, as defined by Wood and others (1983, p. 36 ). This information is important when summing the net coal thickness of the coal. Coal units are combined to form a single coal bed if the thickness of rock between them is thinner than the coal on either side. If the rock is thinner it is considered to be a parting and if it is thicker it is considered to be a split. After the program calculates the thickness of coal in each coal bed it must determine if the coal beds are greater than minimum thickness requirement for calculating coal resources, which is 2.5 ft for lignite and subbituminous coal (Wood and others, 1983, p. 34 To determine the net coal thickness for the coal at a single location the parting/split program sums coal bed thickness of only the coal beds that are greater than minimum coal thickness requirements. The program outputs a single line of data for each location with net coal thickness and location parameters. Also included in the data output is the number of coal beds that were utilized in calculating the net coal thickness. Figure 7 and table 5 show how the program interpreted the original data, and the output for data point WT108.
A negative sign is assigned to the coal thickness if the drill hole was prematurely terminated. The drill hole was terminated if the base of the final unit is equal to the total depth of the drill hole, indicating that the data may not be complete for the entire coal zone. A negative sign on the net coal thickness allows for special handling within the isopach gridding option in EarthVision. The example shown in table 5 is not a terminated drill hole. 
Creating Layered Spatial Data (ARC/INFO coverages)
To calculate coal resources using computerized methods, a number of computer software programs were used. For our study we created and managed layered spatial information using ARC/INFO (ESRI, 1998), Arc View (ESRI, 1998), and EarthVision (Dynamic Graphics, Inc., 1997) software. All of the layers of information were created as ARC/INFO point or polygon coverages and were limited to a lateral extent just outside of the Powder River Basin area.
For the study of the Wyodak-Anderson coal zone the coverages are in Lambert Conformal Conic projection, Clark 1866, with first standard parallel of 33 degrees, second standard parallel of 45 degrees, and Central Meridian of 106 degrees (the approximate center of the Powder River Basin). We used an origin for the projection of 0 degrees and false northing and false easting of 0. The projection parameters used were selected considering the scale at which the information would be displayed and the lateral extent of the digital information. The layers of data used for the resource study include: State boundaries, counties, the Powder River Basin boundary defined by the contact of Tertiary and Cretaceous age rocks (Ross and others, 1955, and Love and Christiansen, 1985) , tribal lands for the Northern Cheyenne and Crow Indian Reservations (Biewick and others, 1998) , areas of mapped Wyodak-Anderson clinker (Boyd and Van Ploeg, 1997 , Heffern and others, 1993 , Heffern, 1998 , and Kanizay, 1978 , and WyodakAnderson mine and lease boundaries, shown in figure 8 ; the Wyodak-Anderson study limit defined by the lateral extent of the Wyodak-Anderson coal and 7.5-minute quadrangles maps in the study area, shown in figure 9 and indexed in tables 6 and 7; point locations and reliability categories, (public data only) shown in figure 10; Federal coal and surface ownership (Biewick and others, 1997) shown in figure 11 ; net coal thickness, shown in figure 12 ; digital elevation model (DEM), represented by a shaded relief map shown in figure 13 ; and overburden isopach map, shown in figure 14. Additional information on the spatial data (coverages) used for the Wyodak-Anderson study can be found in Ellis and others (in press). Table 6 . Numeric key to 7.5-minute quadrangle maps in the study area. Locations are shown in figure 9 and coal resources are reported by 7.5-minute quadrangle in Figure 9 . Index map showing 7.5-minute quadrangle maps in the study area. Table 7 . Alphabetic key to 7.5-minute quadrangle maps in the study area. Locations are shown in figure  9 and coal resources are reported by 7.5-minute quadrangle in 
Gridding and Modeling Net Coal Thickness and Overburden
The gridding and modeling of net coal and overburden thickness data was performed using EarthVision (Dynamic Graphics, Inc., 1997) software. Data files were brought into EarthVision in fixed ASCII format, with locations given in decimal latitude and longitude. The data fields and projection were defined (as geographic, with a central meridian of Longitude 106 degrees west). The file was then projected to Lambert Conformal conic, Clarke 1886, with first standard parallel of 33 degrees, second standard parallel of 45 degrees, and central meridian of 106 degrees (the approximate center of the basin). The origin of the projection is 0 degrees with 0 false northing and 0 false easting.
To accurately grid the net coal thickness, the data set was augmented to include interpretive points. This was necessary because the isopach map contours were extrapolated throughout the study area using the existing data set and the distribution of data did not include information on where the coal pinched-out (depositional "want" areas) or was eroded away (erosional want areas). This additional data was taken from published and unpublished mapping. In extensive areas where the coal pinched-out along the Wyodak-Anderson boundary portions of the polygon file (the locations of the nodes) were assigned coal thickness values of 0 and added to the data set. Other data was hand digitized and added to the data set.
The grid for net coal thickness was created using the EV isopach gridding option. This option considers terminated data (negative sign in front of the net coal thickness) as "greater than" values when assigning the net coal thickness values to the grid nodes. The Wyodak-Anderson data set included data from 714 drill holes that terminated before the Wyodak-Anderson coal zone was completely penetrated (therefore, the data may not represent all of the coal in the Wyodak-Anderson coal zone). Grids were created using 4 multiple data points (the program looks at the 4 closest points to determine the grid values), were assigned a coal thickness z range from .1 to 285 (actual data ranged from -87 to 284), and were extrapolated to cover the full extent of the study area.
Several different grid spacings were tested to determine which grids were most accurate and appropriate for our purposes. There were several criteria for choosing the correct grids to use for graphic output, creating the net coal isopach coverage, and calculating coal resources. It was important to choose a grid that used as many of the data points in the data set as possible and had a relatively small absolute Z grid error (shown in the grid report). The grid must also have fine enough grid spacing to produce an acceptable level of detail for graphics and the calculation of volumetrics.
The EV method of calculating volumetrics uses grid nodes and subgrid nodes from EarthVision for coal thickness information in conjunction with the area of the polygons from the ARC/INFO (ESRI, 1998) union coverage. Therefore, the grid we used for calculating coal resources had to be fine enough to have at least one grid node value within each polygon. Because we were considering the necessity of having at least one grid node within each polygon, we chose grid spacing that was indicated by the distance between nodes measured in meters. The default EV grid spacing was 3,520 X 3,606 meters, which was very coarse and created a grid that only used 2800 out of 5346 points and had an average absolute z error of about 4%, which is quite high. We tested several other grid spacings and determined that the best grid spacing to use for the union coverage and for the calculation of coal resources was 300 X 300 meters. This grid spacing used 5261 out of 5346 points and had an absolute z error of .5%.
The coal thickness isopach map was created in EarthVision and is shown in figure 12 . The isopach map for use in the ARC/INFO union coverage was produced in the EV visualization module and saved as an ASCII file. The ASCII file was modified using a custom program, ismarc, and generated into a polygon coverage in ARC/INFO using an AML that was supplied to us from the Illinois Geological Survey. This AML clips the isopach map to the study area and assigns thickness values to each polygon that is the average of the value of the isopach lines on either side of the polygon.
The overburden for the Wyodak-Anderson coal zone is the thickness of rock above the uppermost coal in the coal zone, and therefore represents minimum overburden. The overburden isopach grid was created by subtracting the grid for the top of the coal zone (grid spacing of 500 X 500 meters) from the grid for the digital elevation model (DEM) which represents a detailed topographic surface (grid spacing of 500 X 500 meters). The shaded relief map in figure 13 indicates the topography generated from the digital elevation model. The overburden isopach map (figure 14) was created in EarthVision and was generated into a polygon coverage in ARC/INFO using the same procedure and programs as described for the generation of the net coal thickness polygon coverage.
Creating the ARC/INFO Union Coverage
Spatial information for use in the study of the coal resources for the Wyodak-Anderson coal zone were created and manipulated as ARC/INFO polygon and point coverages. The coverages were created by importing or digitizing data, projecting all of the coverages to a standard projection, editing and cleaning the coverages, generalizing the data where necessary, assigning attributes to the polygons or points, and clipping the coverages to the appropriate study extent.
The coverages were combined (unioned) to create an ARC/INFO union coverage with many different attributes for each polygon. Because some of the coverages had similar boundaries that came from different sources, extra polygons (or slivers) had to be edited out of the union coverage. This was accomplished by eliminating polygons that had an area of less than 20,000 square meters and manually editing (dissolving) additional problematic polygons.
Calculating Volumetrics
Volumetrics were calculated using a combination of EarthVision and ARC/INFO products. The union coverage was imported into EarthVision, and labels were assigned to the polygons based on polygon ID. The coverage was saved as a polygon file and the projection of the file was defined. In EarthVision utilities, Volumetrics were calculated with the layered volumetrics option using the ARC/INFO union coverage polygon, the undipped 300 X 300-meter net coal thickness grid, and a conversion factor of 1770 short tons per acre-ft for subbituminous coal. The results of the calculation of short tons of coal in each polygon are given in the EarthVision volumetrics report. The volumetrics report was modified using a custom program, evrpt, which striped-off the file header and added a calculated field containing coal thickness (calculated from EarthVision positive area and the short tons in each polygon.) An example of the file output is shown in table 8. ;iH!Hii:i:iii:i' ?;i: ; : ; i :i : i i^i£i:!p ' ^^^^^Wi^n^^M !i!-:i:-:i;.i.; : "; i : ; :^r i i ; ; tf i\/ ; : VIL ; > *yki*|;|;-: : ; . ; ; ;« ".; ; :-: iw:î^M^S^^W^i^M^S1 1.6 12 11.7 11.8 11.4 11.6 11.7 11.4 11.2 11.4 11.1 11.5 11.9 11.6 10.6 12.4 10.9
Creating Resource Tables
To create coal resource tables information from the modified EarthVision Volumetrics report and the ARC/INFO union coverage polygon attribute table were combined. This merging of information was based on the polygon ID. This merging of data can be accomplished in Arc View (ESRI, 1998) or in spreadsheet or relational database software. For this study, we imported the polygon attribute table and the volumetrics report in ASCII format into Excel spreadsheet software. The files were merged, additional fields were calculated (e.g., millions of short tons and acres), and text fields were added (so that the categories in our resource tables would print in the proper order). Polygons containing lease and mine areas, clinker, and net coal less than 2.5 ft thick were then deleted. The polygons in Wyodak-Anderson (WA) mine and lease areas and in areas containing WA clinker were removed because we did not have enough detailed information to determine how much WA coal remained in those areas. Coal less than 2.5 ft in thickness was deleted because it is not included in standard resource reporting categories.
Coal resources tables were produced using pivot tables in Excel. The following tables (tables 9 through 12) show coal resources for the Wyodak-Anderson coal zone reported on various parameters. All coal tonnages are reported in millions of short tons and with two significant figures. 
Confidence Interval Estimation Procedure
A confidence interval is a statistic designed to capture uncertainty associated with a point estimate. In this study we computed 90-percent confidence intervals on the volume of coal in the WyodakAnderson coal zone in the measured, indicated, inferred, and hypothetical categories.
The three main potential sources of error exist that might bias the confidence interval are preferential sampling, measurement errors, and model fitting. The probabilistic interpretation of a confidence interval is based upon a random sample, which does not occur in this situation, as there is preferential sampling in those areas deemed to be minable. Measurement error can be caused by an error in recording the coal bed thickness or in the definition of coverage areas. Modeling fitting variability and bias result from the choice of models and fitting procedures.
Confidence limits for coal resources of the Wyodak-Anderson coal zone were calculated by Jack Schuenemeyer and Helen Power using a data set containing net coal measurements from 4,462 locations (only data from those locations that contained Wyodak-Anderson coal (no 0 values) and were representative of the entire coal zone (no terminated holes)). The confidence limits were derived through a complex series of steps. These steps included modeling coal thickness trends and removing the trends using a nonparametric regression algorithm loess; using residual thickness to compute a semivariogram and fitting the semivariogram to an exponential model to determine measurement error; calculating standard deviations of coal thickness from the variogram model; compensating for differences in point density by calculating a pseudo n within each reliability category and calculating the variability of volume for each of the reliability categories; and calculating the volumes of Wyodak-Anderson coal at a 90-percent confidence interval with measurement error. Some of the parameters used and results of the confidence limit calculations are shown in tables 13 and 14. A detailed description of the methodology used is given in Schuenemeyer and Power (1998) , and in Ellis and others, 1998. 24,000,000 35,600
1.00
IfifliriiS^ll^l II 21,900,000,000 100 5,410,000.00 551,000 
CONCLUSION
The coal resources for the Wyodak-Anderson coal zone are approximately 550,000 million short tons with a lower confidence limit (at the 90-percent confidence interval) of 460,000 million short tons and an upper confidence limit (at the 90-percent confidence interval) of 640,000 million short tons. These calculations represent net coal (all coal beds greater or equal to 2.5 ft in thickness added together at each data point) and does not include coal in mine or lease areas, within areas of mapped clinker, or areas where coal thickness was extrapolated to be less than 2.5 feet in thickness. All coal was considered to be subbituminous in apparent rank, with a conversion factor of 1770 short tons per acre-foot.
This report represents one aspect of the National Coal Resource Assessment for the WyodakAnderson coal zone. The production of comprehensive stratigraphic and coal quality data sets containing detailed correlations, digital data in the form of layered and attributed spatial data, and other reports on various aspects of this study, which will be available to the public, add a new dimension to future investigations.
